X-Ray Fluorescence Elemental Analysis
The application of energy dispersive x-ray fluorescence analysis using Si(Li) semiconductor detector spectrometers to the problem of atmospheric -3-aerosols has been widely discussed in the 1iterature[l, 4, 5] . Fluorescence excitation of the sample can be provided either by photon sources or charg ed particle beams. Ho have employed pulsed x-ray tube excitation with secondary targets in order to perform elemental analysis of a broad range of elements with near optimal sensitivity. Table 1 is a list of elements which are routinely measured in our aerosol analysis program together with the measured sensitivities. Comparison of these values with ambient levels of these elements in the atmosphere show that the method is more than adequate for routine measurements. To cover the entire range of elements, three separate spectra are accumulated using three secondary targets requir ing a total measurement time of five minutes. The data acquisition and reduction are totally automated and the results are stored and sorted in a large disk file. Over the past five years, a total of approximately 40,000 samples have been analyzed in this fashion [6] .
The ability to perform multiple-element analyses for large sample sets results in a data resou.'Le which can be used in many ways. Concentrations of individual elements can be used as monitors of specific pollutant sources within the region. Two examples might be sulfur as an indicator of fossil fuel power plants and lead or bromine as tracers for automotive activity [7] .
In studies where multiple sampling sites are involved, it is possible to correlate elemental distributions with meteorological data in order to pinpoint discrete sources [8] . The availability of large data sets also facilitates the use of sophisticated statistical techniques for the discov ery of common factors which are associated with certain elemental groups [9] .
Finally, the elemental data often pinpoint specific samples for further analysis by other method? such as those discussed below. The scanning x-ray beam is derived from the synchrotron radiation continuum using a double crystal monochromator. For the energy ranges used for the study, typical x-ray fluxes were approxig mately 10 photons/sec in a less than 2 eV energy window. This finely collimated beam (approximately 1 cm x 1 mm) was then incident on the sample and the energy dependence of both the absorption and fluorescence produced by the particular element in the sample was measured. In cases where the total absorption is small, the fluorescence signal is the more sensitive indicator of the absorption edge structure. For most of the elements analyzed in the present study, the concentrations were in the range of a o few pg/cm . In order to enhance the sensitivity, x-ray fluorescence peak intensities obtained from three closely spaced semiconductor detector spectrometers were summed to give the final cross sections. This averaging process reduces spectral artifacts resulting from particle size effects and sample inhomogeneity. In a typical analytical program, one could maintain a file of standard spectra of important compounds which could be compared to the unknown spectrum. Lines which are not accounted for could be referenced against the larger powder diffraction data files. It should be emphasized that the results of powder diffraction measurements are dominated by the major constituents of the sample and have a limited ability to detect and identi fy minor components in the specimen. Because of the complexity of the diffraction patterns exhibited by these mixtures, occasional ambiguities of interpretation can result particularly for the weaker components in the composite spectrum. Again, the availability of elemental concentrations has been a valuable tool for eliminating such ambiguities.
Summary and Conclusions
We have demonstrated the application of a series of x-ray methods to the analysis of air particulate samples. Although the present methods are largely adapted from known procedures, the application of modern x-ray source and detector technology have greatly enhanced their capabilities.
In particular, the analysis of the dilute specimens obtained from modern air samplers would not be practical without the improvements described. 2) Representative absorption spectra obtained at the Zn K-shell binding energy for a series of standard compounds of potential interest in urban aerosol studies.
3) Spectra obtained for the Zn K-absorption edge from two samples acquired simultaneously at an urban sampling site.
4) Schematic diagram of x-ray powder diffraction system using a multiwire proportional chamber.
5) X-ray powder diffraction patterns for a coarse-particle air particulate sample together with two standard materials. 
